Introduction
Modern power systems are huge networks connecting multiple generation units with multiple consumers through an exhaustive of transmission links at various levels such as power transmission and distribution level. Also owing to environmental impacts and other considerations most of the generation units are located at places far away from load centers and thus there is need to transmit large amounts of power over transmission lines. Now as electrical power is transferred over huge network of transmission and distribution lines power losses occur. Hence there is a need to reduce the transmission losses in a power system so as to have high reliability of supply available to consumers and also benefit the utility systems economically.
Owing to the increase in the global energy consumption, the transmission networks work on their edge i.e., they work on the threshold limit and thus it is necessary to have a control of power over these lines. With the development in power electronics industry, a family of FACTs devices have been appeared which is capable of controlling the power over the transmission system.
This study considers a series-series type of the second generation of FACTs devices called the IPFC and demonstrates its capability in managing the flow of power in multi-transmission lines. In addition, it establishes the ability of the device in reducing the line losses.
The paper decomposed into five main sections as follows: Section I gives the introduction to the series FACTS devices in general, and then it defines the problem at hand in particular. The steady-state model of a transmission system installed with IPFC is given by Section II. The selection of parameters of the IPFC controller is considered as an optimization problem and solved by applying three intelligent search techniques:1) Biogeography Based Optimization (BBO), 2) Artificial Bee Colony (ABC), and 3) Particle Swarm Optimization (PSO). The three intelligent search algorithms are highlighted in Sections III, IV, and V respectively. At the end, the steady-state model of an electrical power system along with IPFC is developed using MATLAB and the effectiveness of the device in diminishing the line losses is demonstrated.
The works that have been carried out towards reduction of transmission losses is as follows: Gyugyi [1] introduced the concept of IPFC devices as a subsystem belonging to family of series facts devices. Unlike other facts devices such as SSSC which work on a single transmission line, the IPFC works on multi-line transmission systems. This paper provides thorough concepts of IPFC device and also it gives advantages and application of IPFC for power flow management. In reference [2] , Zhang provided with a detailed steady-state model of IPFC and also he carried out simulations with IPFC device for IEEE standard bus systems in order to demonstrate the ability of IPFC in power flow control. Karimi in reference [3] 
MINIMIZATION OF TRANSMISSION POWER LOSS BY INTELLIGENTLY TUNED INTERLINE POWER FLOW CONTROLLER (IPFC)
in interconnected power systems. In reference [4] , Teerathana and Yokoyama proposed an optimal power flow by incorporating IPFC device; they established the control for 6-machine 22-bus system and have successfully formulated optimal power flow using IPFC. Using this concept, Zhang and Yokoyama in reference [5] considered congestion management problem and demonstrated the successful application of IPFC for optimal power flow. D. Minneti in reference [6] established the optimal power flow incorporating IPFC using fuzzy logic control. Parimi demonstrated the application of IPFC in damping of power system oscillations for the case of single machine infinite bus system in reference [7] . Reference [8] demonstrates the application of IPFC in reducing transmission losses. The authors applied intelligent search technique called Differential Evolution in tuning the parameters of IPFC controller. This work is concerned with reduction in power transmission losses of a multi-line transmission system incorporating IPFC device, and also tuning of parameters of IPFC controller has been performed by applying three different search algorithms and a comparison of intelligent search techniques is established. The steady state circuit of IPFC shown in Figure 1 can be found thru replacing the transformers by their impedances ( and ), ignoring the resistive part, and changing the two converters to series controllable voltage sources (Vs1/θs1 and Vs1/θs1). Figure 2 displays the IPFC equivalent circuit where it is assumed that the power exchanged between the two lines is equal to zero ( ). According to the equivalent circuit, the power flow equations, real and reactive of both converters can be established as the following:
Steady-State Model
For Converter 1, the complex power is:
Since the active power is the real part and the reactive power is the imaginary part, yield:
Where,
The same applies for the second converter in which the complex, real, & reactive power formulas are as follows sequentially:
[ ]
Where, 
Power flow from Bus n1 -to-Bus m:
Assuming no active power loss between Busses m and n1 since there is only reactive inductance:
Likewise complex, active, & reactive power flow from Bus m -to-Bus n2 and n2 -to-m:
Assuming no active power loss between Busses m and n2: (19) [ ]
As the load flow equations involve voltages magnitudes and phase angles of the controllable voltage sources, the lines' power flow can be managed via adjusting the four control variables ( , and ). However, will be controlled alone to achieve the constraint of exchanged power between the two converters which must equal to 0.
Biogeography Based Optimization (BBO)
In this paper, it is proposed to use the application of iterative search procedure, guided through a fitness function, to carry out the parameter search. Biogeography based optimization (BBO) is applied to tune the parameters of the central controller. BBO is inhabitants based stochastic operated evolutionary search algorithm for global optimization which simulates the biogeography of nearby habitats and how they interact with each other. It is described by its efficiency, fewer parameters and ability to work with any type of fitness function. This technique was introduced by Dan Simon [9] . Individuals representing habitat or islands evolve over several generations stochastically and guided through fitness called habitat suitability index (HSI), to reach an optimal solution. Each habitat is represented by D dimensions depicting the number of control variables. Exchange of features among various habitats takes place through migration (emigration & immigration) of different species. Similar to other Evolutionary Algorithms, the BBO technique begins with initializing the inhabitants randomly within the search space and carrying out elitism, migration and mutation processes iteratively until the termination criteria are met.
The habitats characterized by high rate of emigration , have large value of HSI (fitness) can export more species to nearby habitats, while they receive small amount of guest species through immigration. On the contrary, the habitats having high rate of immigration , correspondingly have low values of HSI, export less species but accept large number of guests through immigration. Figure 3 describes the flow chart showing the various steps involved in the BBO technique.
The fitness function or objective function or performance index is necessary in a search technique in order to evaluate the performance of various solutions arising in the iterative process.
Particle Swarm Optimization (PSO)
Particle Swarm Optimization (PSO) is an inhabitants based probabilistic search technique invented by Eberhart and Kennedy [10] . It is derived from the social behavior of bird flocking. Here we have the following terminologies the inertia weight, the local best and the global best. The local best is the best value of the objective function for that particle. The global best position is the best solution represented by the swarm in any given time step.
In a PSO algorithm, the candidate solution represents an inhabitant of a population called particle. Each particle is a k-dimensional real valued-vector, where k is the number of optimized parameters. Therefore, each optimized parameter represents a dimension of the problem space. The PSO technique is described in the following steps:
Initialization of Particles and Velocities
Initialize the time counter to zero. Then create randomly N pop solutions and also the initial velocities for these solutions using the following relations. 
Where, i is the number of control variable.
Evaluation of the Objective Function and Finding the Bests
For each of the solution, we evaluate the objective function and search for the best value with respect to the objective function and the position.
Inertial Weight Updating
In this step, the inertia weight is updated using the formula:
Where, is a positive parameter close to unity. 
Particle Velocity Updating
The objective of this step is to update the particle velocity using the following equation:
Where, c1 and c2 are positive constants.
Particle Position Updating
In this step, we update the particle position based on the updated velocities. The equation that corresponds to the updated position is given under:
(26) Then, both the particle local best and the global best are updated
Stopping Criteria
The following stopping conditions are used:
 Maximum number of iterations.  The number of generations for which the best value does not change.
Artificial Bee Colony (ABC) Optimization
Artificial bee colony (ABC) is an inhabitants based probabilistic search algorithm which is capable of providing global solutions. It was developed by Karaboga and Basturk inspired from the foraging activities of honey-bees for the numerical search problems. The minimal model in the honey bee swarms intelligence composes of three components: employed bees, on looker bees and food sources; the nectar amount of a food source corresponds to the objective function. In the ABC algorithm, the colony of artificial bees is categorized into three groups of bees: employed bees, onlookers and scouts. The food source corresponds to a candidate solution of the optimization problem and the nectar amount of a food source corresponds to the quality (fitness) of the associated solution. Every food source has only one employed bee.
The various steps involved in the algorithm are as follows:
Initialization of Employed Bees
This step involves defining the parameters for the ABC algorithm and the random initialization of the employed bees using the relation:
(27) The position of the employed bees is stored. 
Fitness Evaluation and Finding the Bests
In this step, the nectar amount or fitness of each employed bee is evaluated. The global best solution along with the best solution are stored.
Perturbation
This step is to perturb the position of each of the employed bee and check fitness of perturbed position.
Update the Position
This process updates the position of Employed bees based on fitness comparison.
Global Best Updating
The global best for the bees is updated in this process by considering comparison of global fitness.
Update Employed Bees
This process aims to update position of employed bees through the onlooker bees (OB).
Stopping Criteria
The pre-specified number of iterations for which the fitness function does not change is considered as stopping criterion.
Case Study
To show the ability of IPFC model to lessen the transmission line power losses thru controlling the parameters by three different techniques (BBO, PSO and ABC), a test 4-bus two-generator network is considered, see Figure 6 .
Bus 1 is the slack bus with zero voltage phase angle and 1.05 magnitude. After inclusion IPFC steady state circuit with the network between Line 1 and Line 2, Figure 7 is produced.
The objective function is to minimize the total active power losses in the transmission network. The equation of the total losses in the test system is:
The objective function can be written as:
Results & Discussion
The total active power losses in the three transmission lines using the three techniques are displayed in Table 1 . The corresponding control parameters values that result in minimum power loss are presented in Table 2 .
The Comparison between the BBO, PSO, and ABC are established in Figure 8 . Table 3 depicts the voltages at various buses for the power system network shown in Figure 7 . It has been noticed that with the incorporation of intelligently tuned IPFC device there is an enhancement in the voltage profile at bus 4. Though PSO gives comparatively good solutions as compared to BBO the time taken by PSO is larger than BBO. An observation of Table 4 reveals that the time taken by ABC algorithm is less as compared to other two techniques and also the quality of solutions is better. Thus, a conclusion can be made that ABC is the best technique for the system considered where it is faster to converge and results in considerably better solutions as evident from Figure 8 .
As a matter of fact, there is a chance to get better solutions from the optimization techniques. The following control parameters result in more reduction in both real and reactive power losses as illustrated in Table 5 : The results demonstrate that after inclusion IPFC with the original circuit model, the power losses, active and reactive, have been minimized from 12.3 MW and 33.65 MVARs to 11.59 MW and 31.3 MVARs respectively, with reduction of 710 KW and 2350 KVARs. This is equivalent to 5.77% reduction of real power losses and 6.98% of the reactive losses.
Conclusion
This paper utilized three optimization techniques (BBO, PSO, and ABC) to tune the control parameters of IPFC for the sake of diminishing the power loss in multiline transmission network. It was found that ABC is the best technique amount the others in the system under consideration which gives better results in less iterations and time, and PSO comes next. The effectiveness of the IPFC to reduce the line losses has been proved and the results showed a critical reduction of the losses. Last but not least, there is a chance to lessen the losses more by trying further powerful optimization techniques. 
